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Abstract This chapter describes inquiry based science teaching and learning 
(IBST/L) pilots designed by teachers during a professional development 
programme. There is research-based evidence that IBSL/T may promote students’ 
learning and their motivation to learn science, and therefore it is beneficial to 
familiarize the teachers with this approach. Building on teachers’ existing expertise 
in designing their teaching, the programme introduced theoretical aspects of the 
IBST/L approach and its research-based benefits for students’ motivation, interest 
and science learning. The course aimed to support teachers as educational 
innovators in the process of designing and testing IBST/L pilots, during which they 
collaboratively reflected on and revised their existing practices. The data of this 
piece of research consists of the teachers’ poster presentations of their IBST/L pilots 
and a video recording of the reflection session. The content analysis revealed that 
the pilots’ structure seemed traditional but encompassed some IBST/L features. It 
is concluded that teacher educators need to understand teachers’ views of IBST/L 
in order to more effectively support planning and reflection. 
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Introduction 
 
This chapter introduces a professional development program (PDP) for 
science teachers. The PDP was built on the principle of acknowledging teachers’ 
expertise in designing their teaching. The participants were provided with a 
theoretical grounding in inquiry-based science teaching and learning (IBST/L) and 
its benefits for students’ motivation, interest and learning science—in other words, 
a rationale for employing the IBST/L approach. The PDP sought to support teachers 
in the process of collaboratively reflecting on their existing practices and revising 
them with a view to employing the principles of IBST/L in teaching. In what 
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follows, the research-based understanding of teachers’ expertise, the meaning of 
IBST/L and its potential to promote pupils’ and students’ motivation, interest and 
learning are introduced. As what follows, the application of these IBST/L ideas in 
a PDP that employed reflection activities as a means of recognising and revising the 
teaching practices of participating teachers are described. Then the results of the 
data analysis are presented. The data consists of teachers’ poster presentations of 
their IBST/L pilots and video-recorded reflection sessions during the PDP. Finally, 
the potential and challenges of organising a PDP based on such an approach are 
discussed and, more specifically, how this approach served to promote IBST/L in 
the participants’ teaching practices.  
Inquiry Based Teaching and Learning (IBST/L) and professional 
development 
The aims of school science encompass more than learning science concepts 
or learning to perform scientific experiments. It is essential, of course, to understand 
concepts and the relations between them, but the scope and the aims of learning and 
teaching science are more comprehensive, encompassing scientific thinking, a 
coherent worldview and students’ development as learners. As elsewhere, this is 
the situation in Finland. Along with the understanding of scientific concepts, the 
Finnish national science curriculum that takes effect from 2016 (FNBE, 2014) 
introduces the following aims, among others, for science learning: establish the 
motivation to learn science and the ability to take responsibility for one’s learning; 
set aims for learning; think critically and in a scientific way; plan, conduct and 
communicate scientific investigations in a collaborative manner; and use models 
and concepts to explain scientific phenomena. The new science curriculum also 
emphasises practices that are important in engineering, such as the use of creativity 
in science- and technology-related projects. At a broader level, students are 
expected to develop a coherent and scientifically argued view of the world, as well 
as an understanding of how scientific knowledge is generated. They are also 
expected to act responsibly in relation to their environment and to make reasonable 
decisions based on scientific thinking.  
Beyond Finland, the active renewal of science curricula is in evidence across 
the world. For example, in the US, the Next Generation Science Standards (NGSS) 
that frame K-12 science education also aspire to students’ comprehensive 
understanding. These standards introduce the idea of science practices that 
encompass a variety of skills and knowledge related to the actual behaviours of 
scientists. In particular, the standards emphasise that science practices should not 
be reduced to traditional experimental investigations but should also encompass 
other significant aspects of science, such as evaluation, evidence-based 
argumentation and communication.  
In recent science education research, aims and characteristics of the kind 
described above are typically referred to as inquiry-based. However, it has also been 
argued that this term has been interpreted in too many different ways by the science 
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education community in the context of science education (NRC, 2012, p. 30). Given 
this confusion about what is specifically meant by inquiry in the first place, we have 
adopted the framework constructed by Minner, Levy and Century (2010), both for 
its soundness and because it emphasises issues considered central in the Finnish 
National Core Curriculum for Science Education.  
Minner, Levy and Century (2010) constructed this framework following 
their review of 138 studies of inquiry instruction, from which they extracted the 
following six common characteristics: 1) presence of science content; 2) student 
engagement with science content; 3) student responsibility for learning, 4) active 
thinking by students; 5) student motivation and 6) an investigation cycle that 
encompasses formulating the question to be investigated, designing the 
investigation, collecting and organising data, drawing conclusions, and 
communicating the investigations. Items 3, 4 and 5 should occur within at least one 
of the components of the investigation cycle. These essential process skills are 
associated with the scientific method and understanding of ‘the nature of science’ 
that Anderson (2007) includes in his definition of inquiry. Anderson (2007) also 
specifies that student engagement with science content encompasses 
epistemologically authentic procedures such as reasoning, asking questions and 
designing experiments, and he further emphasises the role of social interaction and 
collaboration.  
The definition of inquiry described above, that is based on the work of 
Minner et al. (2010) and Anderson (2007), is what was passed on to the teachers 
who were participating the PDP. It is in line with the one introduced in the Chapter 
1 of this volume. In Chapter 1 it is emphasised that ‘inquiry involves a degree of 
autonomy or responsibility for learning’ (pp. XX, this volume). When organising 
the PDP, the fundamental principle was to respect the participant teachers’ 
autonomy during their planning and designing process, and encourage them to 
further offer the same autonomy to their pupils. In Chapter 1 (pp. XX) and in the 
definition above, also other aspects of inquiry are emphasised besides those related 
to motivation, responsibility and active thinking, but in this chapter, the focus is on 
these three aspects. Understanding the nature of science and the scientific processes 
may be in the focus in future research.  
Promoting motivation is important because there is evidence that, whatever 
one’s theoretical perspective, high-quality motivation yields better learning 
outcomes (Guay, Ratelle, & Chanal, 2008; Niemiec, & Ryan, 2009; Reeve & 
Halusic, 2009) and better mental well-being (Vasalampi, Salmela-Aro, & Nurmi, 
2009; Tuominen-Soini, 2012). Teachers play a key role in supporting students’ 
motivation and interest, and therefore the basic mechanisms of generating and 
maintaining motivation in the contexts of the Self-Determination Theory and 
Expectancy-Value Theory (Ryan & Deci, 2002; Eccles, 2005) were introduced to 
the participants.  
In Finland, teachers are valued as experts in curriculum development, 
teaching and assessment at all school levels. At the same time, however, Finnish 
science teachers tend to be pedagogically conservative, commonly favouring direct 
teaching of large groups of students (Norris, Asplund, MacDonald, Schostak, & 
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Zamorski, 1996; Juuti, Lavonen, Uitto, Byman, & Meisalo, 2010). It is often quite 
difficult to convince teachers to change their teaching practices, and this is one of 
the crucial issues in teachers’ professional development (e.g. Donovan, 1999). 
However, Yeager and Walton (2011) suggest in their review that small-scale 
interventions that are firmly grounded on relevant theories but also take into account 
the characteristics of the context in which they are about to take place, may have 
large-scale and lasting effects. They stressed that the focus of these interventions is 
not on learning the content but changing the participants' mind-sets through using 
persuasive methods that are grounded on relevant research and getting the 
participants to communicate the new ideas.  
 
Teachers as educational innovators and reflective professionals 
Finnish teachers are considered to be professionals with high-level subject 
knowledge, pedagogical content knowledge and general pedagogical knowledge. 
Teachers are expected to have a good understanding of student assessment and 
curriculum development. As professionals, teachers must also exhibit high-level 
communication skills and moral knowledge, as well as the skills needed for 
professional development (Krzywacki, Lavonen, & Juuti, 2015). Instead of reading 
and following detailed descriptions of lesson plans, teachers should design their 
own applications of newly introduced pedagogical approaches. The vision of 
teachers from Keith Sawyer (2004) is adopted in this research. Sawyer insisted that 
‘[T]eachers are knowledgeable and expert professionals and are granted creative 
autonomy to improvise in their classroom’ (p. 18). To complement this view, 
Lavonen, Juuti, Aksela and Meisalo (2006) identified empowerment and 
communication as ‘optimal features’ for the professional development projects of 
Finnish science teachers. By empowerment they meant that, in their professional 
development practices, teacher educators must consider teachers as professionals 
who make independent decisions about their own teaching. It follows that ‘teachers 
should be guided in their planning and evaluation of small teaching experiments 
that are then implemented in their schools together with the assistance of other 
teachers’ (Lavonen, Juuti, Aksela, & Meisalo, 2006, p. 170). Communication 
aspects were seen to include optimal pace and creative atmosphere.  
Taken together, these two ‘optimal features’ emphasise that PDPs cannot be 
designed as ‘scripts’ for teachers to follow. The combination of lectures and formal 
and informal small-group activities in a PDP must be sufficiently flexible to enable 
teacher educators to accommodate participant teachers’ reactions, with time 
allocated for the development of ideas. As argued by Penuel et al. (2007), offering 
participants time and support to plan their interventions is important for integrating 
the new course content into their teaching practice. Lavonen et al. (2006) 
emphasised that teacher professional development projects must allow room for the 
free generation of ideas and for positive feedback on all ideas. The atmosphere must 
5 
be safe and supportive to encourage teachers to take risks despite the possible 
‘failure’ of teaching experiments. Juuti, Lavonen, Aksela and Meisalo (2009) 
highlighted the importance of providing opportunities for informal communication 
in a supportive atmosphere.  
According to Sawyer (2004), a scripted curriculum fails to access either 
teachers’ creativity or their subject knowledge. Introducing the metaphor ‘teaching 
as improvisation’, Sawyer makes an analogy between classroom discourse and 
improvisational theatre, where actors work without scripts. Instead, they have only 
broad structures or ‘games’ that they play. Sawyer summarises sociocultural and 
social constructivist theory as implying, in a sense, that effective teaching must be 
improvisational; otherwise, students cannot co-construct their own knowledge. A 
classroom where the teacher controls the discussion is not improvisational. Rather, 
improvisational classrooms are collaborative, drawing on constructivist and 
inquiry-based methods. ‘In improvising, the teacher creates a dialogue with the 
students, giving them freedom to creatively construct their own knowledge’ 
(Sawyer, 2004, p. 14). To support this construction process, teachers need to offer 
disciplinary tools for students to refine their thinking about science content (Jurow 
& McFadden, 2011). 
In helping teachers to develop their teaching practices, teaching experiences 
need to be reflected upon. Reflective thinking is an essential aspect of teachers’ 
professional development, as it connects beliefs and practice (Mansvelder-
Longayroux, Beijaard, & Verloop, 2007; Linn, 2009). Through reflection on 
actions, an experience becomes knowledge, and collaborative reflection with peer 
teachers and researchers creates new knowledge. As belief change follows changes 
in practice (reflection on action), teachers should be guided to monitor their practice 
and to reflect their new experiences. Reflection and learning from different 
perspectives can be facilitated through sharing within collaborative discussions. To 
encourage teachers to integrate educational innovation and research into their 
practices and beliefs, it is important to organise activities that can support 
collaboration and reflection (Uhrich, 2009). According to Rodgers (2002), 
reflection depends on attitudes that value personal and intellectual growth, both in 
oneself and in others (p. 845). The PDP approach described here sustains such 
attitudes by appreciating teachers as professionals who design their own work rather 
than as passive recipients of knowledge.  
 
Research Questions 
 
When designing the workshops, the aim was to promote participating 
teachers’ professional development and growth. The aim was also to facilitate 
teachers’ adoption of theory-based aspects of inquiry, supported by an 
understanding of its benefits for students’ motivation and learning. Finally, the aim 
was to help them to adopt features of IBST/L in their own teaching, focusing on 
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teaching strategies rather than on science content. In planning, the following aspects 
were taken into account: (1) Participating teachers are expected to be experts who 
autonomously design and develop their own teaching. Teachers and researchers 
appreciate each other’s expertise; while teachers are experts on praxis (involving, 
for example, knowledge of their students and groups), researchers are experts on 
theory. (2) In the contact meetings, researchers made brief introductory 
presentations on the principles and other aspects of IBST/L. Associated 
collaborative discussions assisted understanding of how the ideas presented would 
be of benefit in participants’ classes. (3) The IBST/L pilots were planned to be 
designed and implemented by teachers in their classes independently and then 
presented and reflected in a PDP group session. 
The focus of this research is not on the students’ achievements or the 
development of their motivation, but on how the participating teachers reported 
having implemented the ideas presented during the course. The implementations 
are evaluated with respect to the IBST/L frame suggested by Minner et al. (2010). 
The research questions are:  
 
 
1. What were the teachers’ inquiry-based science teaching and learning (IBST/L) 
pilots like? 
2. How the do the IBST/L aspects suggested by Minner & al. (2010) (support to 
students’ active thinking, students’ responsibility and students’ motivation) 
appear in the teachers’ pilots according to what the teachers presented?  
Method 
Participants and outline of the Professional Development Programme (PDP)  
In Finland, teachers have access to a wide variety of professional 
development courses, but participation in professional development is not 
compulsory. There was an open call to participate this PDP. Six lower secondary 
school physics and chemistry teachers participated in the PDP. All of them had 
major in either physics or chemistry and several years of teaching experience. All 
the participants were female, ranging in age from about thirty to sixty years.  
Participating teachers could choose the scientific content they wished to 
work with from the school curriculum, and they were then asked to apply the 
principles of IBST/L in teaching the chosen content. Participants were introduced 
with the basic ideas of inquiry, the theoretical connection between inquiry teaching 
and motivation, and the diverse possibilities for applying IBST/L. To maximize 
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opportunities for collaborative discussion, the PDP was designed to be short and 
intensive (Sawyer, 2004; 2006; Yeager & Walton, 2011). The PDP was therefore 
run as two two-day workshops. Between the workshops, each teacher implemented 
their IBST/L pilot in their own classroom.   
During the first workshop, teachers planned their own pilots, which were 
then discussed collaboratively. It was agreed that instruction should follow the 
principles of IBST/L, with special emphasis to be placed on the engagement phase. 
The pilots were to consist of one or two 45–75 minute lessons. Planning activity 
took place in pairs, but there was also a lot of ongoing collaborative discussion 
between pairs. During the workshop, the basic ideas of IBST/L were collaboratively 
discussed to encourage participants to reflect on their pilots. Each participant made 
a brief presentation on their own IBST/L pilot, followed by collaboratively 
reflection. As short-term workshop-based programmes have been criticised for not 
being effective (Lumpe, 2007), it was decided to compensate for the brevity of the 
PDP intervention by emphasising effective feedback, cooperation, collegiality, 
practice-oriented staff development, a culture of shared beliefs and relationships (cf. 
Lumpe, 2007; Kim, Lavonen, Juuti, Holbrook, & Rannikmäe, 2013).  
After the first workshop, the teachers went back to their schools and 
implemented their plans. In the second workshop, the teachers presented the 
implementations of their pilots, one after another. After each presentation, the 
implementation of the pilot was discussed. This workshop took four hours and it 
was video recorded.  
Data Collection and Analysis 
The research questions are answered based on data that consists of teachers’ 
posters of their pilots and a four-hour collaborative teacher presentations and 
reflective discussion that was video-recorded. The analysis of the data followed 
principles of theory driven content analysis (Patton, 2002). The analysis categories 
in the analysis frame deductively emerged from theories, in more detail from the 
conceptualization of IBST/L constructed by Minner & al. (2010) and theories 
conceptualizing the components of motivation, in more detail the expectancy-value 
theory (e.g. Eccles, 2005) and the self-determination theory (e.g Ryan & Deci, 
2002). According to the frame suggested by Minner et al. (2010), an instruction was 
classified as inquiry if at least one of the phases of instruction included student 
responsibility, student active thinking and support for motivation. In our version, 
one minor revision was made with respect to the motivation subcategories. Minner 
et al.’s (2010) indices of motivation included students’ expressions of interest, 
involvement, curiosity, enthusiasm, perseverance, eagerness, focus, concentration 
and pride. Many of these factors are closely related to intrinsic forms of student 
motivation and are therefore difficult to track for data such as poster presentation. 
For that reason, we enriched the approach by drawing on the motivation 
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components introduced in the expectancy-value theory (Eccles, 2005) and the self-
determination theory (Ryan & Deci, 2002).   
Aspects related to the mentioned theories were extracted from the pilot 
posters and from those parts of the reflection discussion that concerned a certain 
pilot. These aspects were then categorized into the categories student responsibility, 
student active thinking and support for motivation. The motivation category 
consisted of subcategories Intrinsic value/interest (IN), Attainment 
value/significance (AT), Utility value (UT) (Eccles, 2005), Support for Autonomy 
(AU), Support for Competence (CO) and Support for Social Relatedness (SR) 
(Ryan & Deci, 2002).  
Each pilot was analyzed using the template introduced in Table 1. In Table 
1, the analysis of the pilot 1. is presented as an example of how the analysis was 
conducted. After the extraction the IBST/L aspects of each pilot and categorization 
of them, a short descriptions was written of each pilot. Then a more detailed 
description was written of the IBST/L features related to motivation, active thinking 
and responsibility. The phase of the procedure in which the IBST/L features 
occurred was noted, and the course of the lesson was compared to the phases of 
inquiry instruction proposed by Minner et al. (2010) (formulating the question to be 
investigated, designing the investigation, collecting and organising data, drawing 
conclusions and communicating the results of the investigation). 
The content of each pilot (based on the poster and teacher presentation) is 
summarized below, along with a short description of its inquiry aspects. As this 
chapter focuses on the inquiry aspects of the pilots, their effect on students’ 
motivation or learning are not evaluated here. It must be emphasized that the 
researchers were not present when the teachers implemented their pilots, but the 
analysis is conducted based on what the teachers reported about their 
implementations. For the purposes of the study, only five teachers’ ISBT/L pilots 
were analyzed; one teacher’s plan was omitted from the analysis because of practical 
problems on the school side during implementation.  
 
Table 1. Analysis tool for the IBST/L pilots 
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Teacher No. 1  
Science content Physics, simple machines 
Type of Engagement 
Using Lego characters, students were required to construct a comic 
strip related to the topic Simple machines. They designed the storyline, 
constructed the scene and took the photos needed for the comic strip. 
Students also built the machines they needed to meet the physics 
content required by the instruction. The instruction was published in a 
web-based learning environment. At the end of the process, students 
commented each other’s work.  
Motivation 
-Autonomy (AU) 
-Competence (CO) 
-Social Relatedness (SR) 
-Intrinsic value/interest 
(IN) 
-Attainment 
value/significance (AT) 
-Utility value (UT) 
AU, SR, IN: Working on the comic strip 
AU, SR: Building the machines needed for the comic strip 
AU: Deciding on the length of the comics  
SR, AU: Choosing the groups  
AU, SR: Setting the scene 
AU, SR: Conducting the experiments autonomously  
AU: Deciding on the working order 
AU: Deciding on the story 
AU: Deciding on the software 
AU: Deciding on the allocation of tasks 
IN: Drawing a comic strip 
IN: Using Lego characters 
IN: Using language that fits the students’ world 
AU: Working on a web-based learning environment 
IN, AU: Working with students’ own cameras 
UT: Working on a web-based learning environment 
CO, AU: Finalising output autonomously 
CO: Using relevant physics concepts 
CO: Providing feedback for others in the web-based learning environment 
CO: Commenting on others’ work 
UT: Using the web-based learning environment 
UT: Studying a topic from the curriculum 
Responsibility Working on the comic strip 
Working in a web-based learning environment 
Planning the comic strip 
Deciding on roles within the group 
Choosing the groups  
Deciding on task allocation 
Deciding on software 
Finalising the comic strip 
Providing feedback to other groups in the web-based learning environment 
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Active thinking Interpreting the instructions provided in the web-based learning 
environment  
Recalling one’s own experiences of simple machines 
Working on the comic strip 
Working in a web-based learning environment 
Building the machines 
Broadening the context beyond physics and creating a story 
Setting the scene and conducting experiments autonomously Deciding on 
the working order 
Using relevant physics concepts 
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Results 
Teacher 1  
The context of this pilot was mechanics or, more precisely, simple machines. 
The pilot opened with a framework story, set in a world of Lego policemen and 
thieves. Students designed the scene for the story and photographed it. They had to 
consider how the characters’ tasks were facilitated by certain simple machines, and 
they then had to translate the facts into explicit mathematical forms. The students 
worked in groups; the teacher assigned specific roles to all group members. The 
required output was a comic strip, constructed from their own photos of the scenes 
and continuing the story introduced by the teacher. The essential principles of 
simple machines were to appear in the comic, and these outputs were to be uploaded 
to a web-based learning environment for further collaborative elaboration. The 
comic strips served as a substitute for the traditional lab report. The teacher reported 
that some of the students did better than usual, and she was astonished at the 
students’ specific use of physics concepts. 
Students’ responsibility for learning: Teacher #1 allowed students to 
make decisions about groups, task allocation within the groups, the software to be 
used, the storyline behind the comic strip, and how the scene for the story would be 
built. Students built the machines they needed to match the required physics content. 
They worked autonomously in groups according to the instructions published in the 
web-based learning environment. They also commented on each other’s work.  
Students’ active thinking: Teacher #1 required the students to interpret the 
web-based instructions independently. Students also needed to plan the scenes of 
their comics and to consider how the physics content was to be presented. They also 
needed to decide which physics concepts were needed.  
Students’ motivation: As well as motivation-related aspects emphasising 
students’ responsibility, their feelings of social relatedness were supported by 
allowing them to work in groups. This teacher chose a framework story with Lego 
characters that contained intrinsic value. According to the teacher, the students also 
managed the task well and so increased their feelings of competence. Working in a 
web-based learning environment has utility value, as students learn skills that may 
be of subsequent use. However, there was little support for students’ attainment 
value—the feeling that they are doing something significant—as the topic was not 
considered from any wider perspective beyond the classroom. Simple machines is 
also a topic on the primary school science curriculum in Finland, and lower 
secondary students might, for instance, have been asked to construct animations to 
be used in primary science teaching.  
Nevertheless, of the four pilots designed during the PDP, this was the most 
multi-faceted and allowed most space for the students’ creativity while at the same 
time highlighting disciplinary learning. The structure of this pilot was loosely 
compatible with the procedure proposed by Minner et al. (2010), as it encompassed 
the students’ own design and encouraged them to implement the design and 
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communicate the results. The major deficiencies were that the project did not begin 
with a research question, and no experiments were conducted. 
Teachers 2 and 3 
These two teachers worked at the same school and therefore decided to plan 
a teaching sequence together. Only one teacher presented their pilot, which again 
involved the use of comic strips. The content sequences chosen by both teachers 
concerned nutrients. At the beginning of the pilot, the teachers first told the students 
about some of their own experiences related to nutrients, explaining how they taught 
nutrition, how they implemented this knowledge in their everyday lives, and how 
they intended to combine the science content with the students’ everyday 
experiences. They also discussed the typical structure of a three-panel comic strip 
and showed some examples. Students read the content of their own textbooks, and 
the teacher gave instructions how to transform the text into a comic strip. The 
teachers also gave instructions about the working schedule, group formation and 
specific tasks within the group. The students decided on the topic they wished to 
deal with and then allocated tasks within the group. The comics were constructed 
and the work was evaluated.   
Student responsibility: Teachers chose the groups but allowed the students 
to allocate tasks within the group. Students were also allowed to choose their 
perspective within the limits of the topic of the lesson. Teacher #2 said it was usual 
for her to tell students about her own experiences, and in that sense at least, this 
lesson was no exception. In mid-process, the students modified the instruction, and 
the teacher allowed that to happen, as the students were eager to discuss the topic. 
Active thinking: Students needed to consider how they would convert the 
text into a comic strip, and to decide on the essential aspects of the text to be 
presented in a simple series of pictures. Students also had their own roles within the 
group, and they needed to decide what tasks were related to each role.  
Motivation: Students’ feelings of social relatedness were supported by 
allowing them to work in groups. The drawing task was interesting for the most of 
the students and could be said to contain intrinsic value. It can also be said that the 
topic (Nutrients) contains some utility value, as it may benefit students’ health in 
later life to have accurate information about the topic. However, from the IBST/L 
perspective, the structure of this lesson seemed quite traditional, and it was not 
compatible with the IBST/L procedure proposed by Minner et al. (2010). There was 
no actual research question to begin the procedure, nor did it begin from students’ 
questions. Additionally, the lesson did not include any experimental work or data 
collection of any kind. The teachers made all the main decisions, as is readily 
apparent from the pilot poster, in which almost all sentences begin with phrases 
such as ‘The teacher described the topic…’, ‘The teacher divided the students into 
groups…’ and ‘The teacher assigned topics to the groups…’. Clearly, not many 
decisions were left to the students, and there was no attempt to emphasise the 
meaningfulness of the task to increase attainment value.  
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Teacher 4 
The scientific content of this pilot related to magnetism. The teacher decided 
to combine fictional and personal stories as well as concept maps and essay writing 
in her pilot sequence. Opening with a video of Superman and a magnetic telescope, 
she described her own experience of visiting a lab with a powerful magnet. Within 
the groups, students discussed what was fact and what was fiction in the film. 
According to the teacher, this was a very difficult task for the students. The 
experimental work relating to magnetism was conducted according to online video 
instructions. Students elaborated further on the topic by constructing concept maps, 
using CmapTools software. Their concept maps were based on the textbook, 
supported by facilitating questions. As homework, the students wrote essays based 
on their concept maps.  
Student responsibility: Teacher 4 said that her students were not allowed 
to decide about anything, but they were expected to autonomously regulate their 
activities in constructing concept maps and writing essays. Their responsibility was 
emphasised in the essay-writing phase, and to prevent them from copying and 
pasting, the teacher asked them to write the essays with paper and pen.  
Active thinking: In producing their concept maps and essays, students had 
to actively process their knowledge constructions. They also needed to consider 
how the web-based inquiry instruction was to be interpreted.  
Motivation: Teacher 4 included many interest-awakening situational 
features in the pilot, as students watched videos and heard stories about interesting 
occasions. This teacher found it very easy to tell spontaneous stories but had more 
difficulty telling something that had been decided beforehand. She included stories 
of many kinds in her pilot—a fictional story on video and her own experiences of 
the same topic. However, when constructing the poster about her pilot, she framed 
motivation as an isolated part of the lesson; in fact, what she thought of as 
motivation was merely awakening situational interest.  
Although this pilot included a range of teaching methods and encompassed 
experimental work, and although the students were required to work autonomously 
according to the teacher’s instruction, the approach seemed quite traditional. After 
awakening interest, the teacher directed students to complete experimental work 
according to the instructions before constructing a concept map and writing an 
essay. The topic’s connection to real world problems was not emphasised, and the 
students were not allowed to decide their own perspective or to construct their own 
questions.  
Teacher 5 
The scientific content of this pilot related to nutrients. The lesson opened 
with a discussion of the students’ own experiences of carbohydrates. After that, 
students collaborated in constructing concept maps with the CmapTools software, 
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with each group outputting one shared concept map. Experimental work related to 
the same topic was also included in the lesson. As a homework output, students 
wrote brief reports on the experiment.  
Student responsibility: Teacher 5 complained that she encountered a lot of 
practical difficulties in implementing her pilot. She had originally planned to 
organise the groups herself but then decided to leave this to the students themselves. 
The topic and experimental task were decided by the teacher, but other decisions 
were left to the students, such as the substances they chose to investigate. The 
students worked autonomously to produce reports on their experiments, and they 
constructed concept maps in groups. The teacher also encouraged students to 
describe their own experiences. 
Active thinking: Students needed to actively process their knowledge 
constructions when producing concept maps, and they were active in drawing 
conclusions. 
Motivation: As well as being given responsibility, students worked with a 
topic that the teacher believed would be of interest to them. As knowledge of 
nutrients may be beneficial in later life and outside school, it can be said that the 
pilot had some utility value. The students also worked in groups; according to the 
SDT, this should promote their feelings of social relatedness and support their 
motivation.  
Nevertheless, referring again to the essential features of IBST/L, this pilot 
can be said to have followed a traditional structure rather than the structure of an 
IBST/L lesson as proposed by Minner et al. (2010). From the beginning of the 
lesson, the teacher was pulling the strings, and no space was left for the students’ 
own questions or fields of interest. The topic was not connected to the students’ 
own lives, and so the attainment and utility value of the activities was not 
emphasised. In terms of Minner et al.’s (2010) framework, the nutritional content 
of food and issues such as sugar concentration may have invited more open 
investigations. For example, the students could have examined what they had eaten 
during a certain period and then reviewed the composition of their diet.  
In summary, the four designed pilots can be described as quite traditional 
and teacher-centred. The teachers took responsibility for offering students adequate 
support and structure for their work, but a shared characteristic of these pilots was 
that little was left for students to decide. None of the pilots started with the students’ 
questions; all were related to scientific content, but the teachers emphasised 
concepts. All the pilots contained some physical activities, in the form of 
experimental work, concept maps, comic strips or PowerPoint presentations. The 
motivational potential of these pilots related mainly to supporting students’ 
autonomy by allowing them to decide something that was related to their work; 
supporting students’ social relatedness by allowing them to work in pairs or groups; 
and supporting intrinsic value (interest and enjoyment) mainly in terms of 
situational interest. Utility value was supported by choosing important topics from 
the curriculum but not from the point of view of the students’ own lives and 
environment. The feeling of competence was not systematically supported—for 
example, there was no procedure for evaluating the work and giving feedback to 
peers or evaluating one’s own work. Also, missing from all the pilots was any true 
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support for attainment value—the feeling of doing something significant related to 
students’ own lives or environment. With more support for attainment value, 
students’ feeling of participation could also have been increased.  
 
Discussion 
In Chapter 1 of this volume (pp. XX) a question was raised: How to encourage 
sufficient and effective inquiry-based science teaching of good quality? In this piece 
of research, this question was approached from two perspectives. First the idea was 
welcomed that a relevant way to promote change in science classes is to take the 
teachers’ autonomy with respect to their teaching as a starting point. The central 
inquiry principle, namely fostering autonomy and responsibility, was chosen as an 
approach when the teachers were guided in their planning process. Second, the PDP 
was strongly theory based. This principle was realized at two levels. The PDP itself 
was designed according to research based principles of IBST/L and motivation. 
Furthermore, the content of the PDP was also based on research based knowledge 
on motivation and student engagement. To sum up, the aim was to promote the 
effectiveness of the PDP by fostering the participant teachers’ autonomy. Further, 
the quality of the teachers’ IBST/L pilots was promoted through offering them a 
sound theoretical basis how to support their students’ engagement.  
The teachers’ pilots reflected their understanding of the IBST/L approach as 
introduced during the contact meetings. The pilots varied according to how teachers 
interpreted the content of the course. This variety of outcome strengthens the 
argument of Penuel et al. (2007) that teachers’ interpretations of PD activities are 
important in shaping the effectiveness of those activities, beyond the design of the 
activities themselves. Each teacher interpreted the task guidelines in a way that fit 
their own ideas about how best to apply the principles and practices of inquiry 
teaching. The student groups were all different, which strengthened the 
improvisational aspect of teaching, even though the lessons were planned 
beforehand. Sawyer (2004) refers to this effect in arguing that teaching conceived 
as improvisation emphasises the teacher’s creativity in responding to a unique group 
of students and the unpredictable flow of classroom discussion.  
Based on the analysis, it can be suggested that the pilots contained some 
features of the IBST/L framework proposed by Minner et al. (2010). For instance, 
all the teachers allowed the students to work in groups, supporting collaboration. 
Teachers also expected the students to work autonomously and in a responsible 
way, and they enriched the pilots with material that would engage students’ interest. 
However, the structure of the pilots remained essentially traditional. None of the 
teachers began the process from the students’ own questions, nor did they expand 
their perspective beyond the classroom or encourage the students to do something 
that would have been truly significant at some level.  
What, then, might account for the lack of inquiry features in these pilots? It 
is known that teachers’ professional development tends to be very slow (Kim, 
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Lavonen, Juuti, Holbrook, & Rannikmäe, 2013; Oliveira, 2010; Nelson, 2009). 
After reviewing several studies of the effects of short-term interventions, Laursen, 
Liston, Thiery and Graf (2007) argued that, despite the popularity of the short-term 
intervention model, there is little convincing or statistically significant evidence of 
its effectiveness (p. 50). They suggested, however, that participants usually enjoy 
these occasions. On the other hand, Yeager and Walton (2011) suggest that even 
brief, the intervention may be effective because it sets into motion recursive social, 
psychological and intellectual processes in school level and within the individual 
(Yeager & Walton, 2011, pp. 286).  
Certainly, keeping PD events short is more likely to attract Finnish teachers, 
as they do not usually have the time, the interest or the financial resources to 
participate in more extended programmes (Taajamo, Puhakka, & Välijärvi, 2014), 
even though they are expected to acquire knowledge of many topics and novel 
teaching approaches. However, while a shorter PDP cannot change the way teachers 
teach, our vision of teachers as knowledgeable and expert professionals who are the 
agents of their own professional development suggests that even a short programme 
may help to shift their perspective.  
In general, teachers tend to view inquiry-based science teaching as laborious, 
time-consuming and therefore difficult to apply in the classroom (Bybee, 2000). 
The central principle of the PDP was not to tell teachers how to teach. Instead of 
asking participants to undertake any extracurricular pilots, they were asked to use 
the ideas from contact meetings in their teaching, to whatever extent they believed 
was appropriate for their own classes. The participants were shown that IBST/L is 
a perspective on teaching and learning rather than a highly structured teaching 
method, and it involves students’ own responsibility for learning, active thinking, 
and motivation during any lesson (cf. Minner et al. 2010).  
During the workshops, the participating teachers’ motivation was boosted 
by supporting their psychological needs (Ryan & Deci, 2002). The teachers were 
convinced that they were knowledgeable enough to design IBST/L pilots, and that 
nobody else could in fact design their teaching (so increasing their feelings of 
competence). It was also communicated that teachers would be given a lot of 
autonomy to design their own pilots (feelings of autonomy), and that experiences 
were shared in a group (feelings of relatedness). Further, in preparing their pilots, 
the teachers were encouraged to choose a topic that interested them, to design 
something they could really use (utility value) and that might be of benefit to their 
students’ learning and motivation (attainment value).  
To foster the IBST/L approach, it may have been beneficial to include more 
support for planning, as well as some form of structured evaluation of IBST/L 
features at some point in the process.  However, this model of PDP in which the 
teachers work in the same manner that they are about to instruct their pupils to work 
may be implemented even outside Finland.  
When they attend a professional development programme, teachers are 
looking for something new. In a short-term programme, it is important to accept 
that each teacher is in her or his own phase of the development process. It would be 
very difficult to design teaching sequences that are suitable for all teachers—this 
would be likely to prove too revolutionary, or too traditional. The most fruitful 
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approach, then, may be to trust teachers and allow them to design their own IBST/L 
pilots, within a loose framework. During the PDP workshops, the teachers were 
introduced resources that would enable them to stimulate their own innovation 
process. 
 According to Sawyer (2004), ‘Implementing creative teaching will require 
serious, long-term investment in professional development for teachers…. Yet it 
has the potential to result in brighter, more motivated, and more effective teachers, 
and to result in students with deeper understanding and improved creative and social 
skills’ (p. 18). It can be argued that the PDP succeeded in awakening participants 
to the realization that there are alternative ways of organising teaching, and that 
these may not be much more difficult to organise than traditional methods. The 
expectation was that, by empowering teachers to design inquiry pilots, their sense 
of responsibility for their own professional development would be bolstered, and 
that the effects of this short-term PDP would become long-term by introducing them 
to some novel approaches. In general, the teachers should be encouraged to adopt 
novel ways to do what they are doing anyway, not anything extra besides what they 
are already doing.  
The aim here was to evaluate the potential of the professional development 
model by analysing teachers’ presentations of their IBST/L pilots. This research did 
not explore students’ conceptual learning or motivation. However, the potential to 
promote students’ motivation is central to IBST/L instruction, which is why the 
topic was introduced to participating teachers, and why it is included in the 
definition of inquiry. Every participant teacher succeeded in designing a pilot with 
at least some inquiry features. They also valued the collaborative discussions 
relating to the principles of IBST/L and the meaning of motivation in the classroom, 
as well as the reflective discussions of each other’s IBST/L pilots.  
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